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Method for operating a tool shaft 

The invention relates to a method for operation of a 
tool shaft with the aid of a sensor element of a sensor, in 
particular of an injection-molding or die-casting tool, in 
which the cavity has at least one associated sensor, for 
example for determination of a tool internal pressure, and to 
a sensor for this purpose. 

PRIOR ART 

Sensors for an indef initively large number of technical 
fields are known from the prior art, where they are used to 
measure physical variables. The measured physical variables 
may, for example, be input parameters for a controller which, 
in particular, accompanies and controls a production process. 
By way of example, it is thus possible to monitor the 
physical characteristics of an element to be produced during 
production and, if necessary, to modify appropriate 
parameters. For this purpose, the sensors may be in contact 
with the element to be produced or with the material forming 
the element. In order to avoid measurement corruption, the 
sensors should record only those variables which are intended 
to be determined. 

In this case, by way of example, the monitoring of the 
tool internal pressure in inject ion-molding and die-casting 
tools is cited from the large number of fields of 
application. The determination of the tool internal pressure 
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makes it possible, inter alia, to determine the time for 
switching from the filling pressure to the subsequent 
pressure . 

A method for automatic identification of the sensitivity 
of sensors is known from DE 101 17 000 Al . The sensitivity of 
the sensors is determined, and a resistor is used to 
associate it with a specific sensor group with a 
predetermined sensitivity range. Once it has been selected, 
this sensitivity range can no longer be changed. However, 
when the . sensor is inserted into a hole, it is possible, 
depending on the quality of this hole, for the sensor to 
touch the internal wall of the hole. This force 
secondary-path effect can result in the sensor losing 
sensitivity, which necessitates tedious recalibration of the 
measurement system. 

OBJECT 

The object of the present invention is to prevent the 
force secondary-path effect, in order to maintain the 
selected sensitivity of the sensor even in holes of lesser 
quality. 

ACHIEVEMENT OP THE OBJECT 

In order to achieve the object, the sensor element is 
inserted into a sleeve with play and is then calibrated, so 
that after determination of the sensitivity, a 
correspondingly codeable component, for example a resistor, 
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is selected, is fitted in the sensor, and the sensor is 
inserted with the sleeve into a hole in a tool wall. 

This method according to the invention has the major 
advantage that no force secondary-path effect occurs in which 
the sensor element touches the tool internal wall, in 
consequence significantly adversely affecting or entirely 
losing its sensitivity. The quality of the hole in the tool 
wall can now be ignored. The only important factor is the 
quality of the hole in the sleeve. However, it is cheaper and 
easier to produce a high-quality hole in the sleeve than to 
produce such a hole in the tool wall. Normally, the 
production of high-quality holes can be left to the 
manufacturer of these sensor sleeves . 

At this point, play also includes guides for the sensor 
element, which guide the sensor element with respect to the 
internal wall of the sleeve without friction or with 
virtually no friction on, for example, sliding aids and/or 
rollers at specific points. However, the nature of the 
connection to the sensor element must ensure that no force 
secondary path can be formed, for example by elastic 
suspension of the sliding aids with respect to the sensor 
element. Such devices could be advantageous, for example as a 
support for long sensor elements. 

The arrangement of a sleeve in the hole in which the 
sensor element is guided with play shields the sensor element 
from the internal wall of the hole. The quality of the hole 



WO 2005/059495 - 4 - PCT/EP2004/014471 

itself is then irrelevant, with the only critical factor 
being the quality of the sleeve, in order to define the play. 
A high-quality sleeve thus makes it possible for the 
manufacturer of the sensor to ensure the sensitivity of the 
sensor while complying with specific limit values for, for 
example, the temperature or pressure during and after its 
installation. 

If the sensor element is arranged with a small amount of 
play in the sleeve, it can move freely in one preferred 
direction. The sensor element play can in this case be chosen 
such that, on the one hand, free mobility is ensured while, 
on the other hand, any ingress of a medium between the sensor 
element and the sleeve is minimized. 

The material to be used for the sleeve must in this case 
satisfy in particular the steady-state requirements, which 
can be satisfied by a large number of materials. By way of 
example, metals, plastics, ceramics or the like may be used. 
At this point, it should be mentioned that a hole is one 
possible form of a recess. All other shapes of a recess may 
be used, for example with a triangular, quadrilateral or else 
any desired cross-sectional shape. The shape of the sleeve is 
also significant only to the extent that it must be possible 
to insert it into the recess, with the sensor element being 
protected against a force secondary path through the internal 
wall of the hole. 
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A further advantage of guidance in the sleeve is that 
the variable to be measured can be channelized to the point 
intended for this purpose. For example, the sensor element 
can thus be arranged in a sleeve in such a way that pressure 
acts on the sensor element from only one specific direction. 
This makes it possible to prevent and/or reduce measurement 
corruption. 

The sleeve is preferably placed on a base body of the 
sensor, from which the sensor element also projects. This 
makes it possible to achieve a very robust arrangement, in 
which the sensor can be arranged physically simply and at low 
cost in the protective apparatus. The sensitivity and the 
sensitivity range of the sensor are thus fixed before its 
installation, and these parameters of the sensor need not be 
defined after its installation. 

A fixed connection of the sleeve and base body makes the 
arrangement of the entire apparatus more robust. A connection 
by means of welding or adhesive bonding is particularly 
simple. If a releasable connection is desired, the sensor can 
also be screwed in the sleeve. 

In one preferred refinement, the sensor element has an 
annular groove for holding a seal. The seal prevents the 
ingress of the medium between the sleeve and the sensor 
element, which could reduce the play between the sleeve and 
the sensor element meaning that the sensor element could not 
move with respect to the sleeve. 
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FIGURE DESCRIPTION 

Further advantages, features and details of the invention 
will become evident from the following description of one 
preferred exemplary embodiment, and with reference to the 
drawing, in which: 

Figure 1 shows a schematic illustration of a sensor, 

which is arranged in a tool wall of an 

injection-molding or die-casting tool, in the 

form of a partial section; and 
Figure 2 shows a longitudinal section, illustrated in 

an enlarged form, through the sensor shown in 

Figure 1 . 

Figure 1 shows a sensor 1, which is arranged in a hole 
in. a wall 2 of a cavity 3 in an injection-molding or 
die-casting tool. The sensor 1 is used, for example, to 
measure the tool internal pressure in the cavity 3 . In this 
case, one end wall 9 of the sensor 1 is arranged on the same 
plane as one internal surface 10 of the wall 2, such that it 
is subject to the influence of a melt entering the cavity 3. 

The measured variable, for example the tool internal 
pressure, can be converted by the sensor 1 in particular to 
an electrical signal and can be passed on via a cable 11 to 
an evaluation unit 8, which can monitor and control the 
entire process. For example, this arrangement can be used in 
particular to determine the time to change from the filling 
pressure to the subsequent pressure. At this point, it should 
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be noted that the measured variable can also be transmitted 
cordlessly. Transmission by other than electrical means, for 
example optical transmission, is also feasible. 

As shown in Figure 2, the sensor 1 has a base body 13, a 
sensor element 5 and a sleeve 4. The sleeve 4 is screwed to 
the base body 13 in such a manner that the sensor element 5 
is radially surrounded by the sleeve 4. The sensor element 5 
is connected to the base body 13 on its side opposite the end 
wall 9. 

The sensor element 5 is arranged with a small amount of 
play 7 in the sleeve 4. This avoids any force secondary path 
between the wall 2 and/or the sleeve 4 and the sensor element 
5. A force secondary path such as this may arise, for 
example, as a result of the quality of the hole and/or as a 
result of different thermal expansions of the wall 2 and 
sensor element 5. Both effects can be suppressed by the use 
of the suitable sleeve 4 . 

The play 7 allows the sensor element 5 to move in a 
direction as shown by a double-headed arrow 14, in order to 
record the tool internal pressure to be measured, without any 
friction losses through contact with the sleeve 4. 

A seal 12 arranged in an annular groove ensures that 
further penetration in the direction of the base body 13 is 
prevented if melt enters the interior of the sleeve 4 from 
the cavity 3 . 
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The method of operation of the present invention is as 
follows : 

Before the sensor 1 is inserted in the hole in the wall 
2 of an injection-molding or die-casting tool, the sleeve 4 
is placed on the base body 13 such that the sensor element 5 
is guided with play 7 in the sleeve 4. The sensor 1 is 
actually calibrated at this stage, that is to say its 
sensitivity is determined. An appropriate resistor is 
selected on the basis of the determination of the 
sensitivity, as is described in DE 101 17 000 Al . This 
resistor is fitted to the sensor 1, after which the sensor 1 
is inserted into the hole in the wall 2 . 
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